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M£i»#£T£2, 4, 7, 9— fh5 
^f^-5-f^-4, 7-vjr-/H>L<(i:2. 

5, 8, 1 1-t h5^f^-6-Hfyy-5, 8- 

BF 3 S>ftWi. fflfiSM, aw&*H&D#£ 

TIC. ^fr§Lf$.l£i7-tJ-lsyp\ : J*-Jl>xh*i/U- 
hZTnV]s>**i/}tb%.J&ZltlZbt l z£'>XW£ 

^yu~bco^Ui. i>imtetih3^-vy**is 
y <r>%& 3 mr >v a -;Mn8*tf>**« tz-tKz ic *>fc 
ft ofc+a-efcfitf, Tntuy^-dfvHi wRjSfcft 
ffl-f ft fcftfcKO H t, L < \m(KT)Vi] 'J»IHJ 
::i#^f!re*>ft. 

[00 59] T-bf-l^>-^J^-^r;U3dfvl^-h$: 

y«£ffiffl-fft,, BF 3 cotSfflte, Jt«W**<arn 
y h £ ^Tf 5 R«^«3|iS:ffiB S t> fc 

6. *ix<bte, SS&B'J£tHfc^£Ue7-fe^L'y?<Jx 



(8) ^2 0 01-2 1 56 90 

1 4 

ittmzm^xm&zixoi. *wc. hur^^r 

2 t/uoro euytf* y ¥ &mnZtvt&m 

[0060] T^vyWJX-iWO/Pommn 
■mmizmtx, 3m^\sywj*-)\s&mm 

it. tfBHSftS^ , 250, 45 0^;2. 106, 1 
8 0^-fcJ:tf2 , 163, 72 0#tBHWfc£aS*l* 

i.^mnhtih. znT^vyWJt-ivmMM 
asfticHtt i4~i 6«K«***i-*<o*«ifarc* 

9> *>oti#3iWi2, 4, 7, 9— TYvt^DV- 
5-f^-4, 7-^3j--^t>t<ti, 2, 5, 8, 
1 l-Th7^^U-6-Fr^y-5, 8-^-/1/ 

[006 1 ] S^cOiSStlfiM^'r^l^y^^h'i: 

T-ti-isymmrv ^-/imn^mamt^zm 
u y^ts^fc « taTK*®^ (c#iw$ns . 3 sunwis 

>\ MJ7nhVl/7S>\ ^f-;kx^TSy. vx 
f-ZkXfrt'TS y^coi 5 ft h 'J 7/l/*^7 5 Mi. R 
EC*** 5 Wc*f VstmX'h ft„ Z<?)£ 3ft3 

^X\ 38aC iSSftffijafci^E^T'ftSDRJESrjftlSE 
1-4. hUX^TSytt, ^OftMSMttfcil/RjE 

30 [0062] £<^frc*»&*l£ «k ? fc, *«ffcf b 'J 
»7A0D* 5 $%g£ttttl>. WptCttl 5 0°CcDK*S?<7) 

mma. T-tj-uymsmrva-wmmz^mz 

3 »T-b^^^JT^3-^Wffi*^H®Wft^)i?S:K 

idnfttix-f L v >S^2r^-r . #JD»* s S^ft^) 
40 J^n-S&A*. »^r-fe^-ixy^ l J3-;^|5]^ 

u 7/^ u y * * ^ h g& 6 man s *s coizmmtio 
ft. r^j& »j*«*»-ffc«rt±. $^>tc. -HNcfioio 
m r ><^3mr-ti-uynT>ua~)i'mmt thiz, ® 
mcoE o t l < p oftMi^tforo wy**t : s Y<r> 

mazim-r&tiMzmiztid t. 

[0063] b 'J 7^df/k7 5 yWttZt ftfflDRJCE 
50 U, *mJE ( 1 5psig; lbar) L < ttfi~«f»{O0)lB 
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1 5 

±%E. ( 3 0-3 0 Opsig : 2-2 Obar) THilSiX 

coB&lt .7otu y :f 4f v K fc tf)KJEtti^-Cl$t:S 
ST* 0 - LfcaPoT, SJEii 3 Opsig ( 2bar ) £j@ 
iSE^-drirfiS^ff* Lo. RjEEt46 Opsig ( 4 
bar) 4 0 V«&tffib;h.4<3jWWff* 

^4a#<o^*>a#T»jssfiasa t . ^stE-ctT 
^nsRjcu^iiaatwfls^fflv^n* t sea 

< f^ffl-T S £ fc **£v ^ b Xfo h . RJEJUtKWffiv 

§50£j£tt(4, flWfcStt*. m 0 Opsig ( 2 Oba 
r) SJiijWciBiiJKjTRJKSWI-rfcifcti. J9 

sawsrWi* d{t*ttrf . mmzmzmmx 

h 10 Opsig (6. 7bar) T'HJfc-fS 
[0064] SJfctfr- U 7)\s*lVT$.>X'mk%tlhR 

«*s 4 E^THiiSii 3 & . RiBiBKttaflWrjftBrc 
KISS it I iz+ftlzS < Srffiitfft vv&MiBKfc J: 
UteSMvrftM & mf h iz+fttziS; < % ftttttffr h % 
\\ 4 0~l 5O'Ctf)iEHtf)iaK*SiWC*0. Ml: 
J45 0-1 2 0T\ itfOifif £147 0-9 0° T*4. 
[0065] 7u\£Wy** i sYWT*.1rV'yWs-*- 

0, SAtCfe^Tp*JJ:Vqtt'tft.«ll-r*4. EO 

ar-;UEOf44ffi!|{=j6!iDS*lSf:*. h D7/Mf/V7$ 
y"C*HfSft*3r&»4. 7>-^AEOfej;tA'POmf25: 
3"f Sfttlffll*-**. . «#<0*&fcJ4«*J<0E O >y 

[0066] #&BJ|<7)E O/P Of+JtffeSriSitSJttf) 

£Mi7nv\s>**i/mmiwbimtixm 

ftW\-ii-y 3 y7o7h/77^- (G 
PC) . StM7o7l^77^- (HPLC) . 
mm&m (NBR) . SO^ (ASTMD20 2 4- 
6 5) t> L<l4-r yrnWur^a-ypfflFfSno*®^ 

is. mmi^mx'hhtiK ^mmt^m 

Xt/h/^y) i>4tfx-r/V (xf-zux-x^) 



(9) #^2 0 0 1-2 15690 

1 6 

3S. *4«^tli. (g^xhdfMtr-bf-uy^J^' 
«4jRftttiR*T, UziJ i iXM r )m^frt>?S> 

[0 067] Mxmz£*)tmztiz>BLmz}3^x. 

6. ;M XKcOWi. BC U, A1C 1 3 , TiC 
U. BFa, SnCl4, ZnC l2^£-£tf. Jffja^iU 
10 4Xi«tt8liBF3?&4. BFsftHIReCfe^T. K 

3mz-tfrt>x'b&. mmtimt£ii8ox:jm. 

Oir4L<t46 0' > C*)JS, -?-LT«[tif4L<{i5 0'C 
*M£. -f^*>*>l 5-3 0 Opsig ( 1 0-2 Obar) 

bar S^*^E^-CS»=5rfe** i #4>flS. 
20 [0068] 7* 3 hl'ym7V3-»i5£V ! tm^nWi 

W7)^ uy**>-v cnmaiza i , Rjgii^* t « 
v ^xm \<r>7)V* vyt^is Vtf&fcthP) SrSftS <t 

■c* =flr^Rjew«*Mi . 7fr* v y** >■ f *«Rjea^ 
«t ww^-cr;^ y y v&mtti z t iz x o m 
ji, r/pdf u y 2/ h ifiitamifo ^mm# ( l e 

30 L ) *Sf (c 1 1* £ h i. o lc . ^^J: a ttftm'AX' 

[ o o 6 9 ] ;M xKfii^fc «fci>' h r/P^^r 5 y« 

-3'lrVtO. 00 1-1 0wt% x if4L<(40. 0 1-5 

lat^ta i>ot*, #t^*^EOfcj;t/po^asjDS 

40 it^^fc^rOaS. 

[0070] 5y^fc^§ilfcEO/POWJB»Sr 
«W4*at6^t, EO*iJ:tfPOtt, «iJ^(7)gA 

EOfc4r/POii-^S*^^S#-^A!ftli) L<{4»Sn 
tLT^jD^iiai.. yn.y^EO/PO#»«0Sii 

tca^x. Eoaxx/pon^^fxwM^ii^. 7>v 

3 v-ffcT* * f - 1/ y M iy'jf-;H4 , ««Mt^ft S:*tr* 
50 i*Wfc^*8:**rr4*tt^R. ^fy^, {fr«?S?§ 
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+T'0 . 5%WT^iiJeT-3 5dynes/cra J; >?>h£v>»> 
M«ffi557J, ££>W-ift*&^7Ji£lc<}:l>l£ti&/ 

E^Sti. Langmuir2, 4 2 8-4 3 2H ( 1 
986) CfEtK£ilTfc , 3. 3lfflfcJ: 
[0071] 1 OWUKfeUt , ±1203*0 

vwJ*-Mt. K&m&mzmhmmizm-th. « 

A (TMAH) *>J:3fc»IHH. Rft**!L SbWW, fi 



(10) WM2 0 0 1-2 156 90 

1 8 

* [0072] *Hti:^K . fitSi, L<lili^i# 
*iffl)«!HJ<0T«fc £X/mmffl&J} SrffiTS Sat* 

S6=Sf«<or 3 * Mb r -t ?■ v v n sfcr-jWMtwwR 
mtn. £*>j: a *tt«i«*iooBHc 

o$0. 001-10g, ftZKiZO. 01~lg/ 
100«L, t,oti,#4L<{±0. 05-0. 5g/l 
0 OmLT* *)0&. fc^K 7 * hl^X hJMffl 

0. 00 1-1 g/1 OOmU *?£L<ii0. 002- 
10 0. 8/1 OOmL ZLX. L<ii0. 005 

-0. Sg/lOOmLT'&S. i^, ft«>*$Wr»i1* 

[0073] qmmzxhT^a^isitr-ti-vyWJ 
20 L,<I^Jil*WmiJftmt. &0fttt0MtfMEftft 



0-50wt% 
0-8 0wt% 
5-9 9. 9wt% 
0-3 0wt% 
0~5 0wt% 
0. 0 1-1 Owt% 
0. 0 l-5wt% 



* 3 0-8 Owt%%*.imfoWz$ts : 

o j^j/«i«»j/»aiiwi/}aiH lsij 

iB?Stt3W/fflil»l/a«i*J J: VWWQ 
i-5 0wt% 

o-5 0wt% gmttm\/¥mu ; J> 

0-5 0wt% jg-W&U- ^'yjg^? t;u<f 

5-9 9. 9wt% 7Ktt/7)<^ittt/*^tt^v ; y 
0-3 0wt% 
0. 0 1-1 0wt% 
0. 0 1-1 0wt% 
0. 0 l~5wt% 



T-ti-vyWJJt-frEO/POimfc 

[0074] 



1-5 0wt% 
0 1-1 Owt% 

-5wt% 

-2 0wt%' 



0-2 5wt% 

0. 01-50wt% 



WHIM 

7)ia * ^itr^f- v ym e o/ p o 
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(11) 



1 9 



#112 00 1-2 1 5 690 
2 0 



ztio h . ^mmicotzibnmm^zh t^< mt i o o 1 5 j 

ttffljftMi. &Ojfc#£3 0~7 0trt%*ttflEfc«t»fc:** 

0. 0 5-3 0wt% 7<<)VM>*MtfL\s0h. *^tt»^ 
1-2 5wt% 



0, 
0. 



0 l-2 0wt% 
0 l-5wt% 



;W t, L < fitf 'J ( **tt t> L < J47k»ttfc S 



mmjsimztm&miz&tt. 

[0076] ^mco7)Va^iyit7^i-^yn^- 
*M/y'X h^flffllfc L<f±xu? h d;^ fllO 



0. l~3wt% rb^^^ry^-^ATKffi-lttt 
0-4wt% 7x/-;Wt^ 

10-10, OOOppm T/Un^^-fbT-fe^Uy^^-^EO/PO 



StO 7 * hp i^X b "Ctt , * t h . #3£Hfl<7) 

h . igMUcj: 9 § tfi#*#ffiA 
[0077] *^Hjcof«D%wffiffl^»ji^, atun. 

yt=^*BMk«l(TMAH) <0*tt«STC*4. £ 

a. a#, 50-1 oooppm e»mx) *-y-co. 



#J4 0-4 5dynes/cm CO^ffi 
5S7Jfi . 7 #7 -y ? IZ 1 fc"3< 7 * h MHJgOfc 

Mzmm*>*>o. ftmm*m«w&rifflm:m 

(microcircuitry) c^Mjt(Cfc{tl>?a4: 
[0078] 

[unsm ^mwi i 

is v - v mavmx!mk ztiotztz^-t. 
zcommmiz&^x . 2,4,7,9-fh7>f^-4 

-fy^-4, 7-^-^1 O^xhdf^b-h 



tftSSurfyno 1 



i) 4 6 5C0 7*:/U0 



7 n ^ ^ U - h OSit^M^ t> tltz . 
[0079] 1 00 0mL7j"-h^U-7>'Su r f y 
nol (9»ffifl() 4 65#HvStt»J (300g. 0. 
4 5t;l/) fci^^^x^rSy (5 3. 7g. 
0. 7 3*710 SrSIASfut. RJE§§(4, 3 

g^t'lOOpsig (6. 7bar) STllDEL, 1 2 0'C 
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2 1 

teWRLfc. roevy^^H ( 183g, 3. 15 
tf. v- U yy'^yrfcj: 0 7 04HBEU:lc*>fc 0 

aansnst. aap*«7^f st. aasii^ii 20 

°CT'S fetci 2B&ISL MfcSfifc. RiS3S<0rt«*li. 

[oosoivMJvnr^h w-f * 

fflSUMWHS (MALD/I ) ti. £j#IW<ot5i^ 

1-hfa'J?&(D&j8MZ h 01 1 K (±2 coro try y* 

U y * # y F<7)te*li , S JX i-fV7 5 y U 7n t 

[00 81] Ztit><V&mi. ynfU>$*^Vt<r) 
l«t Fo*y<OJt*S^&^&HW*0 t . 7"n 
try y * v K^«te*«8£*0S#8£*!*3 *> 
?«rv\ EO«&>Vnt^y#*yh'tRjEEL 

^r-fe * y y^J ^-;nc»4« fc i -t 2 00 e o«#* 

JW, 2t^corn^yU-hA.cOiftV>S^* { 4 

ts. ifMWrc. ^^rsy*«--K'jrofi/y 
* * y h Sr^-r § . nm<7)ftffiitm%$.j&X'b 1 . 
[00 82] MJT^^rsysSiJi, roeyy* 

ttffi*2 6 3 6 9 5 4^«t*fcaK*VvCiiTO|3*i 

*irvc**3. S4>t, r-fef-yy?ijy'^-;^2^ 

mtSW 3 (± . h y ^ S y84&fc J: IWJIM S ft 
h yy- h 5rffl^Troh-y y h 2^£ ;i^T- 
iifefctot 2 , 4 , 7 , 9 -fb JX+ArS -fy>- 

4, 7-y'jf-;p^3. st/yxFdfyy-FcoKJtg- 
^•f. 2,4,7, 9 -rh5^f-;W- 5 —fyy- 4, * 



(12) «H200 1-2 1569 0 

2 2 

* 7-y'3j"-;K03. 5*^Xhdf yy-hti, A i r 
Products and Chemicals, In 
c . ^£>ffiigftKA#UI. S u r f y n o 1 (SUffi 
A) 4 4 0*BrffifSHflkL-C±flTS<xT^6. 

[00833 1000 bw- h ? u-r**a*<o"pc 

M*LT Wa&SilfcS u r f y n o 1 (figffig) 
44 0-^EvSttffl (4 00s. 1. OStAOfcSAS 

<os*e&-#»im' ^ycs&a^-y'Sfu -f-tt 

10 MMfvUTSf (2. 7g> Si^RJt?U!K00. 5%) 
Tl OOpsig (6. 7bar) ^TUlIffi^il, 100°ClC 

*8»3*i. ^dtrabfyy^yH (I22g, 14 

7mL,2. 10tfl/)A\ y 'J yy^yTCt 0 1 . 
0mL/#Wj$jrc«$ft.*:. »^7tl.t, R 

jcsortswi i o o-c-e 1 4 . 5 ma. mmnti. 

WftZil. MST ( 0 . 2 5 t o r r ) tz9Mm (»2 

3-c) ti 6b*wl »$^hy^^rsy(MA% 

20 4ij£»te, «(| (NMR) X^hn 

* h y -Tl«WtW-4>*ifc. r-^tifl 1 

[0084] 2,4.7,9— rh^^-5-Tyy 
-4, 7-y'7j--/MHtt0lJ2. 4i5it/5 ) coffiwx 

f-y y** y y/tu try y^* y KRSMfo&tflaw* 
s-cwtstifc. ^mmhm^m^tii. b* 

#1^26 3 69 54-?^, 7 5 ytirotry y^ y 
30 rsyj&<2,4. 7,9 -f-Vvtm- 5 —fyy- 

4,7- y**-/PE O/P OBW««^RJft<OfcrtfiO^ 
[0085] 

[JS1] 



«1 







NMRKJ 














2 


1.3 


2.0 


1.5 


1.9 


3 


3.5 


2.0 


3.9 


1.8 


4 


5. t 


2.0 


5.9 


2.0 


5 


10.0 


2.0 


10.7 


2.0 



[0 086] HitM6-2 1 

Cl*lfe^a*fffti. BF3««Srffl^6. 2,4,7,9- 
f h7^f^-5-fyy-4, 7-5/*-;KS10 
4 tV^o ) te«ty r 2, 5.8, 1 l-fh7W-6- 
8-x^-;KS124t^3)^»JSS' 



Zvyfim^ 2,4,7,9-fb7^f^-5-fy>' 
-4, ( S 1 04 ) ^5WXf l/y^ 

x Hfeitx 2 ^;iyrn t°iy >- vmmcomm^ 

50 [0087] lOOOmL^-h^U-r^^aX^TT 
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MlLT^iaiSil3t2,4.7,9-f YyX+lV- 
5-fyy-4, 7-y*-;K313g, 1. It 
IK AirProducts and Chemica 
Is. Inc.HWSurfynol SI 04 # 
BKSttSfl ) <7) 1 • 3 *;l/Xf- U y^^f ^ Fttlfl*£&A 
KlGSBtt. Bltti^a 3 

f&3»i. SWCl OOpsig (6. 7 bar) ifcTUDES 

-r/WE ( 1 . 3 g ) 0<Khi£*i. xf-vyjj-Jf H4J 

fl-f-h.91. 0 5mL/B#|g]fcJ;tA'6 8. 9 5mL/B# 
IHkoaa-CH^rtiiaiDShfc. ifl/y«yH ( 18 
og, 204mL,4. o 8^w) fcitfTntrpyjfr 

dfvH(128g, 15 5mL,2. 2*^) £>3ft4 
ti, xtf-A-: EO:PO*'l : 5 : 2X'$>r>tz. 
iMTtlk. 0. 7g<OJfillP<?)BF8^xf-^x-r 



(13) #^2 001-2 15690 

24 

[0088] i bcmwmv. > 

kvc, Rti r^yyAj *»*U -rfrBti f/n-y 
10 ? j 

[0089] HSfi^2 2<^igl&ft{;L B*#ff353 0 6 
3 187^fcBH^SilTti'J <L*>U 0*411* '18 
7 {±*«$?jtakttJn!fi9#7n -v ? i> L < Ji 5 VfhA 

&><7)%rMWLt LX^X'h&Zttf^tiX^b* %<F> 
S82\i3,b- s J^)V-A-^^y-3, 6-iS 

[0090] 
[*2] 



£2 









SSIffi 


N MRiZ< 








R/B 




po=e;u 






6 


$104 


R 


5 


2 


6.5 


2.9 


7 


S104 


B 


5 


2 


5.5 


2.2 


8 


S104 


R 


5 


10 


3.2 


11.5 


9 


S104 


B 


5 


10 


3.5 


11. 1 


1 0 


S104 


R 


i 13 


2 


16.2 


2.2 


1 1 


S104 


B 


15 


2 


14.4 


2. 1 


1 2 


S104 


R 


15 


10 


17.3 


8.6 


1 3 


S104 


B 


15 


10 


15.0 


9.7 


1 4 


S124 


R 


5 


2 


6.9 


3. 2 


1 5 


S124 


B 


5 


2 


4.8 


2.2 


1 6 


SI 24 


R 


5 


10 


8.0 


7.6 


1 7 


SI 24 


B 


5 


10 


5. 1 


10.0 


1 8 


SI 24 


R 


15 


2 


16.3 


1.9 


1 9 


S124 


B 


15 


2 


14.9 


2.1 


2 0 


$124 


R 


15 


10 


15.4 


9.3 


2 1 


$124 


B 


15 


10 


13.6 


8.1 


2 2 


S82 


B 


10 


2 


9.6 


1.9 



[0091] vwrnimizts^x , ttwsasBfir-* 

120. lSG6/*Mb/s) ~2 0b/s<om?S)lJre 

irVCftfcfifc. fffliKfl^Wfbttltf&EfliSli. La 
ngmu i r, 2, 4 2 8-4 3 2H (1986) tClE 
8S*lTH4. i^Or-^li. (0. lb/ 



25 

40 mmmmjiT-?im±%®Kjimm^x . umpi 

2 2 (S8 2/1 0EO/2PO/B) fflfiJc^Kffif 
»fcoirvCfc£>*tf:. ciwlMKi, B*ftifSf3 063 
1 8 7-f KliipSftTfc 0 . *ttg?gttf$fflj»c*>(t 

# ( b/s ) ~2 o b/sostjajsaraiss^. * 

«0r-^{ia3fc^$h.&. 

[0092] 
[*3] 
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(14) 
$3 



WWJ200 1-2 1 5690 
2 6 



jftft?jftS3ia (dyne/cm) -IBM 2 2 



as 














0, Ib/s 


Ib/s 


jjb/g 


15b/s 


20b/s 


0. 1 


39.1 


42. 3 


46.5 


51.6 


53.0 


1.0 


34.4 


34.9 


35.5 


37.7 


33.5 


5.0 


33.8 


34.0 


34.7 


36.3 


36.4 



[0093] ;«f-?ll« do«;ft^*^M3l^ 
HJM3J2 6 

2, 4, 7. 9-f-h5^f-;l/-5— 7- 

3E4 



famz^ztii. 

[0094] 
[*4 3 



ftWgagi^l (dyne/cm) -gHfeffl5 



as 












(wt%) 


0. 1b/s 


Ib/s 


6b/s 


15b/s 


20b/s 


0.1 


40.5 


42.0 


44.3 


47.1 


48.1 


0.5 


32.4 


33.6 


35.1 


36.6 


37.2 


1.0 


29.8 


30.5 


32.1 


33.0 


33.7 



[0095] ztit><?>T-?te. *mm&mK m 

mcoT-?z. s 8 2tm& <,mmm2 2)<ds. o w 
t %m rnnztit itmh t . xm^tswi 20% 

x\ ft*&mnm*i,zhk^x. m*m (r-tf-uv 
h^t^mztitc^X'hbo . 

it«tfla]2 7~3 1 

2, 4, 7, 9-irh7^f-^-5-TW-4, 7— 
x*:*-/K91. 3, 3. 5, 5. lfcilN'l OWlh 
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[MM] 

1 . Title of the Invention 

Acetylenic Diol Ethylene Oxide/Propylene Oxide Adducte 
and their Use in Photoresist Developers 

2 . Claims 
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1. An aqueous photoresist developer composition containing as a surfactant an 
aeetyienic did ethylene oxide/propylene oxide adduct represented by the general 
structure: 



where r and t are \ or 2, {n + m) is 1 to 30 and (p + q) is 1 to 30, and the ethylene oxide 
units [n and m) and the propylene oxide units (p and q) are distributed in either block or 
random order. 

2. The composition of Claim 1 in which the ethylene oxide and propylene oxide 
units of the aeetyienic diol ethylene oxide/propylene oxide adduct are randomly 
distributed. 

3. The composition of Claim 1 in which the ethylene oxide and propylene oxide 
units of the aeetyienic diol ethylene oxide/propylene oxide adduct comprise blocks of 
each moiety. 

4. The composition of Claim 1 in which (p * o) is 1 to 10. 

5. The composition of Claim 1 In which (n + m) is 1 .3 to 1 5. 
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6. The composition of Claim 1 in which {n + m) Is 1 .3 to 10 and (p + q) is 1 to 3. 



7. The composition of Claim 1 in which the acetylenic diol moiety of the 
acetylenic diol ethylene oxlde/propylene oxide adduct is derived from 
Z^J.S-tetramethyl-S-docyne^J-dioi. 

8. The composition of Claim 1 In which the acetylenic cfiol moiety of the 
acetylenic diol ethylene oxide/propylene oxide adduct is derived from 

2,5,8,1 1-tetramethyl-6-dodecyne-5.8-dlol. 

9. The composition of Claim 7 in which {n + m) Is 1.3 to 10 and (p * q) is 1 to 3. 

10. The composition of Claim 8 in which {n + m) Is 1.3 10 10 and (p + Q) is 1 to 3. 

11. The composition of Claim 9 in which (p + q) is 2. 

12. The composition of Claim 10 in which (p + q) Is 2, 

1 3. The composition of Claim 1 containing tetramethylammonium hydroxide. 

14. In a process for developing a photoresist after exposure to radiation by 
applying to the photoresist surface a developer solution containing a surface tension 
lowering amount of a surfactant, the improvement which comprises using as the 
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surfactant an acelylenic did ethylene oxide/pro pylene oxide adduct having a molecular 



where r and t are 1 or 2, (n + m) Is 1 to 30 and (p + a) is 1 to 30, the units of ethylene 
oxide {n and m) and propylene oxide (p anO g) being distributed in either random or 
block order. 

15. The process of Claim 14 in which the developer solution contains 
tetramethylammonium hydroxide, 

16. The process of Claim 14 In which {n + m) is 1.3 to 10 and <p + q) is 1 to 3. 

17. The process of Claim 16 in which the acetyienic diot moiety of the acetylenic 
dioi ethylene oxide/propylene oxide adduct is derived from 2,4,7 ,9-tetramethyl-5-decyne- 
4,7-diol. 

18. The process of Claim 16 in which the acetylenic diot moiety of the acetylenic 
diol ethylene oxide/propylene oxide adduct Is derived from 2,5,8,1 Hetramethyf-8- 
dodecyne-5,8-diol. 



structure represented by the general formula: 
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19. The process of Claim 16 in which the developer solution contains 
tetramethylammonium hydroxide. 

20. An aqueous electronics cleaning composition comprising in water the 
following components 

0.1 to 3 wt% tetramethylammonium hydroxide, 
0 to 4 wt% phenolic compound; and 



the acetylenic diol ethylene oxide/propylene oxide adduct having a molecular structure 
represented by the general formula; 



where r and f are 1 or 2, {n + m) is 1 to 30 and (p + q) is 1 to 30, the unite of ethylene 
oxide (n and m) and propylene oxide (p and q) being distributed in either random or 
block order. 



10 to 10,000 ppm acetylenic diol ethylene oxide/pro pylene oxide 8dduct, 
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BACKGROUND OF THE INVENTION 

The invention relates to acotytenic dlol alkylene oxide edducts, their manufacture 
and their use to reduce the surface tension in water-based systems. In another aspect it 
relates to the use of such adducts as a wetting agent In aqueous photoresist developers. 

The ability to reduce the surface tension of watar Is of great importance in 
waterborne coatings, inks, adhesives, and agricultural formulations because decreased 
surface tension translates to enhanced substrate wetting in actual formulations. Surface 
tension reduction in water-based systems is generally achieved through the addition of 
surfactants. Performance attributes resulting from the addition of surfactants include 
enhanced surface coverage, fewer defects, and more uniform distribution. Equilibrium 
surface tension performance is important when the system is at rest However, the 
ability to reduce surface tension under dynamic condtions is of great importance in 
applications where high surface creation rates are utilized. Such applications Include 
spraying, rolling and brushing of coatings or spraying of agricultural formulations, or 
high-speed gravure or ink-jet printing. Dynamic surface tension Is a fundamental 
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quantity which provides a measure of the ability of a surfactant to reduce surface tension 
and provide wetting under such high-speed application conditions. 

Traditional nonionic surfactants such as alkylphenol or alcohol ethoxylates, and 
ethylene oxide (EO)/propylene oxide (PO) copolymers heve excellent equilibrium 
surface tension performance but are generally characterized as having poor dynamic 
surface tension reduction. In contrast, certain anionic surfactants such as sodium dialkyl 
sulfosucdnates can provide good dynamic results, but these are very foamy and impart 
water sensitivity to the finished coating. 

Surfactants based on acetylenic glycols such as 2,4 J,9-tatramethyl-5-decyne- 
4,7-dlol and Its ethoxylates are known for their good balance of equilibrium and dynamic 
surface-tension-reducing capabilities with few of the negative features of traditional 
nonionic and anionic surfactants. 

For many applications it would be desirable to produce acetylenic dlol derivatives 
which have alternative properties. For example, in applications In which excellent 
dynamic performance is required, it is often desirable to have a surfactant wnich has 
higher critical aggregation concentration (solubility limit or critical micelle concentration) 
because higher bulk surfactant concentrations lead to a higher diffusive flux of surfactant 
to newly created surface, and consequently lower dynamic surface tension. 
Traditionally, acetylenic diol surfactants with higher water solubility have been obtained 
by reaction of the parenl with ethylene oxide; greater degrees of ethoxyfation provide 
greater water solubility. Unfortunately, increasing the level of ethoxylatlon also 
introduces a tendency to foam, Introducing inefficiencies during formulation, defects 
during application, and process issues in other applications. The problem of foaming is 
particularly troublesome in photoresist developers used in semiconductor fabrication. 
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The demands of semiconductor manufacture have required the use of high 
performance surfactants and wetting agents In photoresist developer formulations. As 
line features shrink to smaller sizes and photoresist substrate materials oecome more 
aliphatic in nature (i.e. having lower surface energy), aqueous developer solutions are 
being formulated with surface tension reducing agents. Another requirement for these 
developers \s that they have a low tendency to foam. This is accentuated by the 
movement toward larger wafer sizes. Low foam formation is particularly important when 
using spray-puddle techniques because mlcrobuDble entralnment during spreading of 
the solution over the photoresist surface can lead to defects. Surfactants that have been 
used in the past to increase wetting of the photoresist typically lead to higher foam 
formation. For the most part the industry has focused on the effect of surfactant on 
photoresist performance, such as contrast, critical dimension, and feature sharpness. 
Although the cleaning ability of underlying substrates is enhahced by typical surfactants, 
foam formation still remains a problem. 

Low dynamic surface tension is of great importance in the application of 
waterborne coatings. In an article, Schwartz, J. "Tne Importance of Low Dynamic 
Surface Tension in Waterborne Coatings", Journal of Coatings Technology, September 
19g2, there is a discussion of surface tension properties In waterborne coatings and a 
discussion of dynamic surface tension in such coatings. Equilibrium and dynamic 
surface tension were evaluated for several surface-active agents. It is pointed out that 
low dynamic surface tension is an important factor in achieving superior film formation in 
waterborne coatings. Dynamic coating application methods require surfactants with low 
dynamic surface tensions In order to prevent defects such as retraction, craters, and 
foam, 
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Efficient application of agricultural products is also highly dependent on the 
dynamic surface tension properties of the formulation. In an article, Wirth, W.; Storp, S.; 
Jacobsen, W. "Mechanisms Controlling Leaf Retention of Agriculture/ Spray Solutions* 
Pestic. Sci. 1991, 33 % 411-420, the relationship between the dynamic surface tension of 
agricultural formulations and the ability of these formulations to be retained on a leaf was 
studied. These workers observed a good correlation between retention values and 
dynamic surface tension, with more effective retention of formulations exhibiting low 
dynamic surface tension. 

Low dynamic surface tension is also Important In high-speed printing as 
discussed in the article "Using Surfactants to Formulate VOC Compliant Waterbesed 
lnks\ Medina. S. W.: Sutovich, M. N. Am. Ink Maker 1994. 72 (2), 32-38. In this article, 
it is stated thai equilibrium surface tensions (ESTs) are pertinent only to ink systems at 
rest. EST values, however, are not good Indicators of performance in the dynamic, high 
speed printing environment under which the ink is used. Dynamic surface tension is a 
more appropriate property. This dynamic measurement is an indicator of the ability of 
the surfactant to migrate to a newly created Ink/substrate interface to provide wetting 
during high-speed printing. 

Tetrgmethylammonium hydroxide (TMAH) is the chemical of choice in aqueous 
alkaline solutions for developing photoresists according io Microlithography, Scienca end 
Technology, edited by J. R. Sheats and B. W. Smith, Marcel Dekker, Inc., 1998, pp 551- 
553. Surfactants are added to the aqueous TMAH solutions to reduce development time 
and scumming and to improve surface wetting. 

US 5,098,478 discloses water-based ink compositions comprising water, a 
pigment, a nonionic surfactant and a solubilizing agent for the rionionic surfactant. 
Dynamic surface tension in ink compositions for publication gravure printing must be 



9 



4/26/2007, EAST Version: 2.1.0.14 



(31) 



#882 00 1-2 1 5 690 



reduced to a level of about 25 to 40 dynes/cm to assure that printability problems will not 
be encountered. 

US 5,562,762 discloses an aqueous jet ink of water, dissolved dyes and a tertiary 
amine having two polyethoxylate substituents and that low dynamic surface tension is 
Important in ink jel printing. 

In applications which require good dynamic performance and low foaming, 
acetylenic glycol-based surfactants have become industry standards. The following 
patents and articles describe various acetylenic alcohols and their ethoxylates as 
surface-active agents: 

US 3,268.593 and Leeds, et al, l&BC Product Research and Development 1965, 
4, 237, disclose ethylene oxide adducts of tertiary acetylenic alcohols represented by the 
structural formula 



wherein R 1 and R 4 are alky) radicals having from 3-10 carbon atoms and R a and Rj are 
methyl or ethyl and x and y have a sum in the range of 3 to 60, inclusive. Specific 
ethylene oxide adducts include the ethylene oxide adducts of 3-methy 1-1 -nonyn-3-ol, 
7,1O-dimethyl-8-hexadecyna-7,10-cliol; 2,4,7,9-tetramethyl-5-decyne-4,7-diol and 4,7- 
dlmethyl-5-decyne-4,7-dlol. Preferably, the ethylene oxide adducts range from 3 to 20 
units. Also disclosed is a process for thB manufacture of materials of this type using 
trialkylamlne catalysts. 

US 4,117,249 discloses 3 to 30 mole ethylene oxide (EO) adducts of acetylenic 
glycols represented by the structural formula 




H(OCH a CH,) y O 



0(CH ? CH 2 0)xH 
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wherein R is hydrogen or an alkenyl radical The acetylBnic glycols are acknowledged 
as having utility as surface-active agents, dispersants, antifoaming nonlonic agents, and 
viscosity stabilizers. 

US 5,650,543 discloses ethoxyiated acetylenic glycols of the form 



H 3 C 

H(OCH 2 CHj) y O 




b(CH 2 CH 2 0)„H 



where x and y are integers and the sum is from 2-50. These surfactants are notable 
because they impart an ability to formulate coating and ink compositions capable of 
high-speed application. 

JP 2636954 B2 discloses propylene oxide adducts of formula 



CH 3 CH 3 
[— 4— 4— R 

J 0 

HC-CH 3 



0 

CH 2 
H,C-<j:H 

- V - 

H 



H 



where R » C1-8 alkyl; m+n = integer 1 to 100. These compounds are prepared by 
reacting acetylenic glycols and propylene oxide In the presence of Lewis acid catalysts 
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such as BF y It is skated that amine catalysts are inactive for the addition of propylene 
oxide to acetylenic diols. The propylene oxide adducts ere said to be useful as 
wettability improvers for antirust oil, antifoamore, spreaders for pesticides, and wetting 
agents for adheslve9. They are effective in improving wettability of oils and have 
improved antifoaming ability. 

JP 2621662 B2 describes dye or developing agent dispersions for thermal 
recording paper containing propylene oxide (PO) derivatives of an acetylenlc diol of the 
form 



where R1 and R2 are -CH3, -C2H5, -C4H9; R3 and R4 are -(OC3H4)mOH, or -OH 
where m is an integer 1-10. 



electron donating dye precursor and a dispersion of developer. At least one of them 
contains at (east one type of wax having a melting point of at least 60 °C and at least 
one EO or PO derivative of an acetyienic diol of the formula 



where R1 and R4 each represent methyl, ethyl, propyf, or butyl and R2 and R3 are each 
-(OC2H5)nOH, or -{OC3H6)nOH (n is 1-10), or OH, mixed and dispersed. 

JP 2569377 B2 discloses a recording material containing dispersions of a 
substantially colorless electron donating dye precursor and a developer. When at least 
one of these dispersions Is prepared, at least one of the compounds 




JP 04071894 A describes coating solutions containing a dispersion of a colorless 
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CH 3 



CHj 



-R3 



R5 



where R 3 and R 8 - methyl, ethyl, propyl or butyl; and R 4 and R 5 = -(OCjH 4 ) r OH, - 
(OC 3 H fl ) m OH (where rn = an integer of 1-10) or -OH is added. 

JP 09150577 A discloses a heat sensitive recording medium which contains in 
the heat sensitive layer a leuco dye and 0,1-1.0 wt% of an ethoxylate or prgpoxylate of 
an acetylenlc glycol of the form 




where R 1 = methyl, ethyl, propyl or butyl; R a - hydrogen or methyl; and n and m = 1-10. 

JP 04091168 A discloses silica which has been surface treated with compounds 
of the form 



RI- 



CH, 

I 

0(A) x H 



CH 3 



RI- 



CH, 



-Rl 



0(A) K M 0{A) x H 



where R1= 1-eC alkyl, A= 2-3C alkylene glycol residue, R1 and A In a molecule may be 
the same or different, x and y = each an integer of 0-25. 

JP 06279081 A describes a manufacturing process for a cement mortar-concrete 
hardening material to which 0.5-1 0 wi. % an acetylenic alcohol or diol alkoxylate is 
added together with fluorine group surfactants and/or silicon group surfactants. The 
acetylenic material can be expressed by the formula 
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, _ f 

Ri—e- 1 — CXAO) n H 

R3 

where R1 = H or -C(R2)(R3)(0(AO)nH); R2 and R3 = 1-8C alkyl radicals, A - 2-3C 
alkylene radicals and n - 0-30. 

JP 030G3187 A discloses the use of acelylenic glycol ethylene oxide and/or 
propylene oxide addition products in concentrated aqueous fountain solution 
compositions for offset printing. In one example, the 8 to 12 mote ethylene oxide/1 to 2 
mole propylene oxide adduct of 3,5-dirnethyH-octyne-3,5-diot is used in a fountain 
solution. Other examples illustrate the use of only ethylene oxide derivatives of 
acetylenrc diols. 

Although acelylenic diol derivatives containing both ethylene oxide (EO) and 
propylene oxide (PC) have been taught as e general class of material©, usually as 
potential extensions of work which had been performed with ethylene oxide derivatives, 
no actual examples of an acetylenic diol EO/PO derivative based upon 2,4,7,9- 
tetramethyl-5-decyne-4,7-diol or 2,5,8, 11 -tetramethyl-6-dodecyne-5,8-dioi have been 
prepared and evaluated. There are no disclosures of any process that could be used to 
prepare materials of this type. 

The use of surfactants !n photoresist developer compositions has been known for 
at least two decades. 

US 4,374,920 discloses using a non*ionic surfactant in an aqueous alkaline 
developer composition for positive-working lithographic printing plates and photoresists. 
The surfactant was tetramethyl decynedicl or ethoxylated tetramethyl decynediol. The 
specific surfactants were SURFYNOL® 440, 465 and 485 surfactants of Air Products 
and Chemicals, Inc. 
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US 4.833,067 discloses aqueous developing solutions for posKiva-working 
photoresist compositions containing an organic basic compound free from metallic ions, 
such as tetramethylammonium hydroxide and choline, as the main ingredient and 50 to 
5000 ppm of an acetylenic alcohol. These aqueous developing solutions are said to 
have increased surface wetting and decreased foaming. 

US 5,069,996 discloses photoresist developer compositions containing TMAH, 
novolak resin, an ethoxylated tetramethyidecynedlol surfactant, a defoamer and water. 

US 5,756,267 discloses developing solutions useful in the manufacture of liquid 
crystal displays. These solutions contain water, a quaternary ammonium base such as 
TMAH, a quaternary ammonium salt surface active agent, an alkanolamine and an 
acetylenic alcohol based surface active agent which is the same as those disclosed by 
the '067 patent, 

US 5,922.522 discloses developing solutions for photoresists containing an anti- 
scum agent which is a mixture of an ethoxylate surfactant and a propoxylate surfactant. 
Although no example of such a compound is given, it is said that the ethylene oxide units 
and the propylene oxide units can be incorporated in a chain in the same molecule. 
These surfactants are said to be preferably anionic and have a hydrophobic end on the 
molecule formed from alcohols such as nonylphenol, octylphenol, and tristyryl phenol. 

JP 10-319606 discloses a photoresist developer containing water, alkaline 
substance, and a block copolymer having the formula HO-A-B-A-H wherein A and B are 
a polyethylene oxide group or a polypropylene oxide group, the molecule containing both 
groups. These block copolymers, however, are very *uscepiiblo to forming micelles 
which can cause surface defects In microelectronic applications. 
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In spite of ail the advances in this field of semiconductor manufacture, the need 



continues to exist for new surfactants which can efficiently lower surface tension in a 
developer as It is applied to an exposed photoresist while minimizing foam production. 

SUMMARY OF THE INVENTION 
This invention provides alkoxylated acetylenlc diols that act as surfactants for 
water based compositions of the following structure: 



where rand ( are, preferably the same, 1 or 2, (/? + m) is 1 to 30 and (p + a) is 1 to 30. 
The EO and PO units may be distributed along the alkylene oxide chain fn blocks of £Os 
and POs or randomly. 

This invention also relates to processes for the manufacture of certain 
alkoxylated acetylenlc diols. 

Another embodiment of the Invention affords water-based compositions 
containing an organic or inorganic compound, particularly aqueous organic coating, ink, 
agricultural and electronics cleaning compositions, having reduced equilibrium and 
dynamic surface tension by incorporation of an effective amount of an alkoxylated 
acetylenic diol of the above structure. 

By "water-based", "aqueous" or "aqueous medium" we mean, for purposes of 
this Invention, a solvent or liquid dispersing medium which comprises at least about 
90 wt%, preferably at least about 95 wt%, water. Obviously, an all water medium is also 
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included and Is most preferred. Also for purpose* of the present invention, the terms 
"photoresist developing" and "electronics cleaning* are interchangeable. 

It is desirable that an aqueous solution of the alkoxylated acetylenic diol 
demonstrates a dynamic surface tension of less than 35 dynes/cm at a concentration of 
<0.5 wt% in water at 23 °C and 1 bubble/second according to the maximum-bubble 
pressure method. The maximum-bubble-pressure method of measuring surface tension 
is described in Lanomu/r 1986, 2, 428-432, which is incorporated by reference. 

Also provided is a method for lowering the equilibrium and dynamic surface 
tension of aqueous compositions by the incorporation of these alkoxylated acetylenic 
diol compounds. 

Also provided is a method for applying a water-based Inorganic or organic 
compound-containing composition to a surface to partially or fully coat the surface with 
the water-based composition, the composition containing an effective amount of an 
alkoxylated acetylenic diol compound of the above structure for reducing the dynamic 
surface tension of the water-based composition. 

There are significant advantages associated with the use of these alkoxylated 
acetylenic diols in water-based organic coatings, inks, fountain solutions for gravure 
printing processes, agricultural and electronics cleaning compositions and these 
advantages include: 

• an ability to formulate water-borne compositions which may be- applied to 
a variety of substrates with excellent wetting of substrate surfaces 
including contaminated and low energy surfaces; 

• an ability to provide a reduction in coating or printing defects such as 
orange peel and flow/leveling deficiencies; 



17 



4/26/2007, EAST Version: 2.1.0.14 



(39) 1*68200 1-2 1 5690 

• an ability to produce water-borne coatings, fountain solutions and inks 
which have low volatile organic content, thus making these aikoxylated 
acetylenic dlol surfactants environmentally favorable; 

• an ability to formulate coating, fountain solution and Ink compositions 
capable of high speed application; 

• an ability to control the foaming characteristics of the water-based 
compositions; 

• an ability to formulate low surface tension aqueous electronics cleaning 
and processing solutions, including photoresist developer solutions, for 
the semiconductor manufacturing industry with good wetting and 
extremely low foam; and 

• an ability to produce some members of the class using a chemical 
process similar to that used to produce acetylenic dlol ethoxylatea. 

Because of their excellent surfactant properties and the ability to control foam, 
these materials are likely to find use in many applications in which reduction in dynamic 
and equilibrium surface tension and low foam are important. Such uses Include various 
wet-processing textile operations, such as dyeing of fibers, fiber souring, and kier boiling, 
where low-foaming properties would be particularly advantageous; they may also have 
applicability in soaps, water-based perfumes, shampoos, and various detergents where 
their marked ability to lower surface tension while simultaneously producing substantially 

no foam would be highly desirable. 

The use of these materials in photoresist developer formulations is of particular 
importance because of their ability to provide all the advantages of surface tension 
lowering plus outstanding performance In reducing the formation of foam, 
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DETAILED DESCRIPTION OF THE INVENTION 



This invention relates to compounds of the formulas A and B. 




fiH 




'OH 



A 



where (n + /r;) and [p + q) each can range from 1 to 30. It Is preferred that (n * m) be 
1.3 to 15 and most preferably 1.3 to 10. It Is preferred that <p + q) be 1 to 10, more 
preferred 1-3 and most preferred 2. In Formula A, r and f are 1 or 2, especially r = t, i.e. 
the scetylenic dlol portion of the molecule is 2,4,7. 9-tetramethyl-5-decyne-4J-dlol or 
2,5,8,11 -tetra methy l-6-dodecyne-5 ,8-d iol . 

The aikylene oxide moieties represented by (OC2H4) are the (n ♦ m) 
polymerized ethylene oxide (EO) units and those represented by (OC3H6) are the [p + 
q) polymerized propylene oxide <PO) units. Products in which the EO and PO units are 
each segregated together are referred to as "block" alkoxylate derivatives. The products 
in which the EO and PO units are randomly distributed along the polymer chain are 
referred to as "random" alkoxylate derivatives. Random derivatives can be represented 
by formula B 
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f 



B 

where R is hydrogen or methyl and (r>*m) = 2-60 with the proviso that the compound 
contain at least one ethylene oxide and at least one propylene oxide unit; and rand t are 
1 or 2, especially r = t 

The block compositions of structure A can be prepared by reaction of 2,4,7,9- 
tetramethyl-5-decyne-4,7-dio! or 2,5,8, 1 1-tetramethyl-6-dodecyne-5,6Xliol with the 
requisite quantities of ethylene oxide followed by propylene oxide in the presence of a 
suitable catalyst. Suitable catalysts Include trialkylamines and Lewis adds, particularly 
BF 3 . Alternatively, the compositions may be prepared by reaction of a pre-fcrmed 
acetylenic diol ethoxylate with propylene oxide In the presence of an appropriate 
catalyst, in this case of a pre-formed acetylenic dlol ethoxylate, it may be possible to 
use KOH or other alkali catalysts to effect the reaction with propylene oxide, provided 
the amount of ethylene oxide which has been added is sufficient to cover essentially all 
of the tertiary alcohol functionality. 

The preferred process for making the acetylenic diol alkoxylates uses BF 3 or 
trialkylamine catalysts. The use of BF 3 allows the rapid preparation of derivatives 
containing relatively large quantities of propylene oxide. However, compositions 
prepaid with trialkylamine catalysts, especially trimethylamine. are preferred for several 
reasons. They can be prepared using a process very similar to that used for 
manufacture of acetylenic diol ethoxylates without significant byproduct chemistry. In 
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particular, trialkyiamine catalysts allow for the preparation of 2 mole propylene oxide 
capped derivatives in high selectivity using a highly efficient, one pot process. 

With respect to the processes for the preparation of acetylenlc diol EO/PO 
adducts, the tertiary ecetyienic diol starting materials can be prepared in various known 
manners such as those described in US 2,250,445; US 2,106,180 and US 2,163,720, 
which are incorporated by reference. The acetylenic diol starting materia! may contain 
from 8 to 26 carbons. It is preferred that the acetylenlc diol starting material contain 14 
to 16 carbons, and it is most particularly preferred that it be 2,4,7,9-tetramethyl-S- 
decyne-4,7-diol or 2,5,8,11 -J etramethyi-6-dodecyne- 5, 8-diol. 

Various basic catalysts can be used to promote fha reaction between the 
alkylene oxide and the acetylenic tertiary glycols in which the hydroxyl groups are 
attached to a carbon atom in a position alpha to the acetylenlc bonds according to this 
invention. Tertiary aliphatic amines, nameiy trlaikylamines such as trimethylamine, 
trlethylamine, tripropylamine. dimethylethylamine, diethylmethytamine and the like, are 
particularly advantageous catalysts lor the reaction. Such tertiary aliphatic amines 
catalyze the addition reaction at a rapid rate at moderately low temperatures and 
pressures without inducing cleavage of the acetylenic glycol. Trimethylamine Is 
preferred because of its high catalytic activity and longevity in the reaction. 

As is known in the art, the use of strongly basic catalysts such as sodium 
hydroxide, especially at high temperatures of about 150 C C, induces cleavage of the 
acetylenic tertiary glycols and for this reason should be avoided, unless of course, 
sufficient ethylene oxide has been added to prevent substantial decomposition of tertiary 
acetylenlc alcohol functionality. Once the tertiary hydroxyl groups of the acetylenic 
glycol have reacted with ethylene oxide, the resultant adduct exhibits the marked 
stability of an ether. So stable are the adducts that they can be heated with 
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concentrated base such as sodium hydroxide at elevated temperatures, while 
comparable treatment of the initial acetylenic glycol is accompanied by extensive 
degradation. Consequently, strongly basic catalysts, such as the alkali metal 
hydroxides, can be used to increase the polyalkylene oxide chain length once the initial 
adducte have bean formed and protected against decomposition. Jt Is anticipated that 
alkali metal hydroxides could also be used to promote the addition of propylene oxide to 
Initial EO or PO adducts with sufficiently low quantities of residual tertiary acetylenic 
alcohol functionality. 

The trialkytamine-catalyzed addition reaction mey be performed at either 
atmospheric (15 psig; 1 bar) or moderate to low superatmospheric pressures (30-300 
psig; 2-20 bar). The use of moderate to low superatmospheric pressures is preferred 
since it obviates the necessity of recycling unreacted ethylene oxide and propylene 
oxide, and generally proceeds at faster rates than additions carried out at atmospheric 
pressures. The effect of pressure on rate Is particularly Important in the reaction with 
propylene oxide, and it is therefore preferred that reactions be performed at pressures in 
excess of 30 psig (2 bar). It is particularly preferred that the process be carried out at a 
pressure greater than 60 psig (4 bar), Another benefit of performing the reaction under 
pressure is that such reactions may be accomplished with ordinary efficient agitation, 
while reactions conducted at atmospheric pressure often work best when a dispersion 
type agitator is used. While the reaction can be carried out at lower pressure, reaction 
rates, and therefore reactor productivity, suffer. Performing the reaction at pressures 
much in excess of about 300 ps*g (20 bar) would likely have only marginal benefit, end 
would increase the cost of equipment required for manufacture. It Is preferred to 
operate at 100 psig (6.7 bar). 
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The temperature at which the reaction Is run for trialkylamine catalyzed reactions 
win depend upon the particular system and the catalyst concentration. Generally, at 
higher catalyst concentrations, the reactions can be run at lower temperatures and 
pressures. Reaction temperatures should be high enough to permit the reaction to 
proceed at a reasonable rate, but low enough to prevent decomposition of the reagents 
and products. Temperatures in the range of 40-150°C ar© suitable, 50-1 20°C preferred, 
end 70-90°C particularly preferred. 

in the trialkylamlne catalyzed process in which propylene oxide Is added to an 
acetylenic diol EO adduct, the reaction stops at a PO end cap on each chain, I.e., the 
obtained product is an acetylenic diol EO/PO adduct containing two PO end caps, p and 
q each being 1 in Formula A. When a mixture of EO and PO is added to an acetylenic 
diol or diol EO adduct, the trialkylamlne catalyzed process affords an adduct having 
random EO and PO units, In the latter case extending beyond the original EO block. 

To prepare the EO/PO adducts of the Invention, the acetylenic glycol is liquefied 
by melting and the catalysl is added with stirring. Ethylene oxide and/or propylene oxide 
are added as liquids with stirring and the reaction is concluded when the desired 
polyalkylene oxide chain length is reached as determined by gel permeation 
chromatography (GPC). high performance liquid chromatography (HPLC), nuclear 
magnetic resonance (NMR), cloud point (ASTM D2024-65) or water titration of an 
isopropyl alcohol solution. No solvents are necessary during the reaction, but inert 
solvents such as aromatic hydrocarbons (benzene and toluene) and ethers (ethyl ether) 
may be used to facilitate handling. In some instances it may be convenient to use a low 
mole ethoxylated acetylenic diol, since these products are liquids and are therefore easy 
to handle. 
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In reactions catalyzed by Lewis acids, the reaction conditions will be determined 
by the identity and concentration cf the catalyst. Examples of Lewis acid catalysts 
include BCI 3 , AICI a , TiCI 4 , BF 3 , SnCI 4l ZnCI, and the like. Trie preferred Lewis add 
catalyst is BF r In BF 3 catalyzed reactions, temperature control during the initial stages 
of the reaction is critical, since too high a temperature will result in dehydration of the 
acetylenic dlol. tt is preferred that the temperature be maintained below BCPC, preferably 
below 60°C, and most preferably below 50°C. The reaction pressure can range from 
atmospheric to low to moderate superatmospherlc pressure, i.e., from 15 to 300 pslg (1 
to 20 bar). Because of the high activity of BF 3l good results can be obtained at more 
moderate pressures of about 1 bar than for those reactions performed using 
trialkytamine catalysts, 

In adding liquid alkylene oxide(s) to the acetylenic glycol and the catalyst, care 
should be taken to avoid the presence of an excess of alkylene oxide(s) in the reaction 
mixture since the reaction is very exothermic and could prove to be very hazardous. 
The danger Of an uncontrollable reaction can be avoided by adding the alkylene oxide(s) 
in a manner and at a rate such that the alkylene oxide(s) are reacted essentially as 
rapidly as they are introduced into the reaction mixture. The formation of a flammable 
mixture In the headspace is best avoided by pressuring the reactor headspace to a 
sufficient pressure with an inert gas such as nitrogen such that the alkylene oxide(s) 
remains below its lower explosive limit (LEL). 

In the both the Lewis acid catalyzed and the trialkylamine catalyzed processes, 
the catalysts may be used at 0.00! to 10 wt%, preferably 0.01 to 5 wt%, and most 
preferably 0.1 to 1 wt%, based on total final reactant mass. In both cases, because 
deactivation may occur during the alkoxylatfon, It may be necessary to add additional 
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catalyst to complete the reaction, particularly if largo amounts of EO and PO are being 
added. 

In the processes for making the randomly distributed EO/PO adducts, the EO 
and PO may be added to the reaction concurrently as separata charges or streams, or 
added as a single charge or stream comprising a mixture of EO and PO. In making 
block EO/PO adducts the EO and PO are added consecutively. 

The alkoxylated acetylenic diols are useful for the reduction of equilibrium and 
dynamic surface tension in water-based compositions containing an organic compound, 
particularly aqueous coating, ink, fountain solution, agricultural and electronics 
processing compositions containing organic compounds such as polymeric resins, 
macromolecules, organic bases, herbicides, fungicides, insecticides or plant growth 
modifying agents. It is desirable that an aqueous solution of the alkoxylated acetylenic 
diol demonstrates a dynamic surface tension of less than 35 dynes/cm at a 
concentration of sO.5 wt% in water at 23 B C and 1 bubble/second according to the 
maximum-bubbl s-press ure method, The maximum-bubble-pressure method of 
measuring surface tension is described In Langmuir 1 986, 2, 428-432, which Is 
incorporated by reference. 

In one aspect of the invention certain alkoxylated acetylenic diols of the above 
formula display excellent ability to reduce equilibrium and dynamic surface tension while 
producing substantially no foam. This behavior is particularly advantageous in 
photoresist developer formulations. 

The alkoxylated acetylenic diols are suitable for use in an aqueous composition 
comprising in water an Inorganic compound which is, for example, a mineral ore or a 
pigment or an organic compound which is a pigment, a polymerizable monomer, such as 
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addition, condensation end vinyl monomers, an oligomeric resin, a polymeric rssln, a 
rnacromolecule such as gum arable or carboxymelhyi cellulose, a detergent, a caustic 
cleaning agent, a dissolution agent such as tetramethylammonium hydroxide (TMAH), a 
herbicide, a fungicide, an insecticide, or a plant growth modifying agent. 

An amount of the alkoxylated acetylenic dlol compound that is effective to reduce 
the equilibrium and/or dynamic surface tension of the water-based, organic or inorganic 
compound-containing composition is added. Such effective amount may range from 
0.001 to 10 g/100 mL, preferably 0.01 to 1 g/100 mL, and most preferably 0.05 to 0.5 
g/100 mL of the aqueous composition. For water-based photoresist developer/- 
electronlcs cleaning compositions effective amounts may range from 0.001 to 1 g/100 
mL, preferably O.002 to 0.8 g/100 mL. and most preferably 0.005 to 0.5 g/100 mL 
Naturally, the most effective amount will depend on the particular application and the 
solubility of the particular alkoxylated acetylenic diol. 

in the following water-based organic coating, Ink. fountain solution and 
agricultural compositions containing an alkoxylated acetylenic diol according to the 
invention, the other listed components of such compositions are those materials well 
known to the workers in the relevant art. 

A typical water-based protective or decorative organic coating composition to 
which the alkoxylated acetylenic diol surfactants of the invention may be added would 
comprise the following components in an aqueous medium at 30 to 80 wt% ingredients: 
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Water-Based Organic Coating Composition 


0 to 50 wt% 


Pigment Dispersant/Grlnd Resin 


Oto 80 wt% 


Coloring Pigments/Extender Pigments/Anti-Corrosive 
Pigments/Other Pigment Types 


5 to 99.9 wt% 


Water-Borne/Water-DispersibleAiVater-SoJuble Resins 


0 to 30 wt% 


Slip Additives/Antimicrobials/Processing Aids/Defoamars 


0 to 50 Wt% 


Coalescing or Other Solvents 


0.01 to10wt% 


Surfactant/Wetting Agent/Flow and Leveling Agents 


0.01 to5wt% 


Acetylenlc Dloi EO/PO Derivative 



A typical water-based ink composition to which the alKoxylated acetylenlc dioi 
surfactants of the Invention may bs added would comprise the following components in 
an aqueous medium at 20 to 60 wt% ingredients; 



Water-Based Ink Composition 


1 to 50 wt% 


Pigment 


0 to 50 wt% 


Pigment Dispersant/Grind Resin 


0 to 50 wt% 


Clay base in appropriate resin solution vehicle 


5 to 99.9 wt% 


Water-Borne/Water-Dispersible/Water-Soluble Resins 


0 to 30 wt% 


Coalesclnp Solvents 


0.01 to 10 wt% 


Surfactant/Wetting Agent 


0.O1 (o 10wt% 


Processing Aids/Defoamers/Sofubilijing Agents 


0.01 to 5 wt°/o 


Acetylenic Diol EO/PO Derivative 



A typical water-based agricultural composition to which the alkoxylated acetylenic 
diol surfactants of the invention may be added would comprise the following components 
in an aqueous medium at 0.1 to 60 wt% Ingredients: 
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Water-Based Agricultural Composition 


0.1 to50wt% 


Insecticide, Herbicide or Plant Growth Modifying Agent 


0.01 to 10wt% 


Surfactant 


0 to 5 wt% 


Dyes 


0 to 20 wt% 


Thickenens/StablHzers/Co-sUrfactants/Gel 
Inhibitors/Defoamers 


0 to 25 wt% 


Antifreeze 


0.01 to50wt% 


Acetylenic Diof EO/PO Derivative 



A typical fountain solution composition for planographic printing to which the 



alkoxylated ooetytenic dial surfactants of the invention may be added would comprise 
the following components in an aqueous medium at 30 to 70 wt% ingredients: 



Fountain Solution for Planographic Printing 


0.05 to 30 wt% 


Film formable, water soluble macromolecule 


1 to 75 wt% 


Alcohol, glycol, or polyol with 2-1 2 carbon atoms, water 
soluble or can be made to be water soluble 


0.01 to 60 wt% 


Water soluble organic acid, inorganic acid, or a salt of 
thereof 


0.01 to 50 wt% 


Acetylenlc Diol EO/PO Derivative 



Other compositions in which use of the acetylenic diol EO/PO adduct as a 
surfactant is particularly advantageous are the developers for photoresists that are 
employed in the semiconductor industry. Such developers and their use are well known 
in the art and do not need to be described in detail. In fact, as pointed out in the 
background section of this disclosure, the use of ethoxylated acetylenic diol adducts In 
such formulations is known and well documented. Tha improvement provided by this 
invention, which could not have been foreseen, involves the use in these developer 
formulations of certain acetylenic diol adducts which also contain propoxy groups. 

A typical water-based photoresist developer, or electronic cleaning, composition 
to which the alkoxylated acetylenic diol surfactants of the invention may be added would 
comprise an aqueous medium containing the following components: 
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Water-Based Photoresist Developer Composition 


0.1 to 3 wt% 


Tetramethylammonium Hydroxide 


0 to 4 wt% 


Phenolic Compound 


10 to 10,000 ppm 


AcetyJenic Dtol EO/PO Derivative 



Briefly, the process for manufacture of integrated circuits involves the application 
of a film of photoresist composition to a suitable substrate, such as a silicon wafer, which 
Is then exposed to actinic radiation in a designed pattern that is imposed upon the 
photoresist film. Depending upon whether the photoresist is positive or negative- 
working, tha radiation either increases or decreases its solubility in a subsequently 
applied developer solution. Consequently, in a positive-working photoresist the areas 
masked from the radiation remain after development while the exposed areas are 
dissolved away, in the negative-working photoresist the opposite occurs. The 
surfactant of this invention can be used in developers for either type of photoresist, The 
character of the developer is very important in determining the quality of the circuits 
formed and precise control of developing is essential, To achieve better surface wetting 
by the developer is has been common to add surfactant to the formulation in order to 
reduce surface tension of the solution. This addition, however, can cause the developer 
to foam which leads to circuit defects. This foaming problem is also recognized In the 
art and considerable attention in the industry has been directed toward its solution. 

The developer, or electronics cleaning, solutions in which use of the adduct of 
the invention Is preferred are the aqueous solutions of tetramethylammonium hydroxide 
(TMAH). These developers are also well known in the art. Commercial developers 
usually contain low levels of surfactant on the order of 50 to 1000 ppm by weight. 
Surfactant level should not exceed that required to achieve the desired surface tension 
of the solution. For example, surface tensions of about 40 to 45 dynes/cm would be 
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appropriate for novolec-based photoresist resins. Advanced resins that often 
incorporate aliphatic groups might require a developer with lower surface tension to 
enhance wetting. One of the advantages of the surfactants of this invention is that 
suitable surface tensions can be obtained at lower levels than is required by other 
wetting agents. This In Itself is a step toward solving the foaming problem in the 
manufacture of microcircuitry. 

Example 1 

This example illustrates that two mole propoxylates of acetylenic dlol ethoxylates 
can be prepared with high selectivity when using trialkylamine catalysts, in this 
example 1 the preparation of the 7 mole propoxylate of Surfynol® 465 surfactant, which Is 
the 10 mole ethoxylate of 2,4,7,9-tetramethyM-decyne-4 ( 7.diol, was attempted. 

A 1000 mL autoclave was charged with Surfynol® 465 surfactant (300 g, 0.45 
moles) and dimethylethylamine (53.7 g, 0.73 moles). The reactor was sealed, purged 
free of air with three nitrogen pressure-vent cycles, then pressured to 100 psig (6.7 bar) 
with nitrogen and heated to 120°C. Propylene oxide (183 g, 3.15 moles) was added 
over a period of 70 minutes by means of a syringe pump. At the completion of the 
addition, the reaction mixture was heated for an additional 12 hr at 120°C. The reactor 
contents were cooled and discharged. The product was heated under vacuum to 
remove volatiles (unreacted PO and catalyst); 68 g of material were removed. 

Matrix assisted laser desorption/ionization mass spectrometry (MALD/I) 
indicated that almost all the individual oligomers in the product possessed one or two 
propylene oxide residues with only very small amounts of product containing three or 
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more PO units. The fate of a substantial amount of the propylene oxide appeared to be 
formation of dimethylamino-terminated polypropyleneoxide. 

These results are consistent with relatively facile reaction of primary hydroxyl 
with propylene oxide, but only very sluggish reaction of propylene oxide terminated 
chains. It appears that after EO-terminated chains react with one propylene oxide, chain 
growth essentially stops. Since there are approximately two EO chains for each starting 
acetylenlc dlol, high selectivity to the two-mole propoxylate results. In this environment, 
decomposition of the catalyst to form dimethylamino-terminated polypropylene oxide is 
the predominant reaction. 

It would not be anticipated based on the teachings of JP 2636954 B2 that 
trialkylamine catalysts would have any efficacy for promoting the reaction of propylene 
oxide. It would also not be anticipated that high selectivity to the two mole propoxyiates 
of an acetylenic dlol could be achieved. 

Examples 2-5 

Example 3 illustrates the preparation of the 3.5 mole ethoxylate of 2,4.7.9- 
tetramethyl-S-decyne-^y-diol capped with 2 moles of propylene oxide using 
trimethylamine catalyst and a preformed ethoxylate. The 3.5 mole ethoxylate of 2,4,7,9- 
tetramethyt-5*decyne-4,7-diol is commercially available from Air Products and 
Chemicals, Inc. and is marketed as Surfynol© 440 surfactant. 

A 1 000 mL autoclave wa3 charged with Surfynol® 440 surfactant (400 g, 1 .05 
moles) which had previously been dried by heating under nitrogen. The reactor was 
sealed and pressure checked, the air was removed with three nitrogen pressure-vent 
cycles, and trimethylamine (2.7g, 0.5 wt% of final reaction mass) was added by means 
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of a gas tight syringe. Tho reactor was pressured to 100 psig (6.7 bar) with nitrogen and 
heated to 1 00°C whereupon propylene oxide (122 g, 147 mL, 2.10 motes) was added at 
a rate of 1.0 mL/mln by means of a syringe pump. At the completion of the addition, the 
reactor contents were stirred at 100°C for 14.5 hours. The reactor was cooted and the 
contents were discharged into a round bottomed flask and heated under vacuum (0.25 
torr) at ambient temperature {ca. 23°C) for 16 hours to remove the trimethylamine 
catalyst. The product was characterized by nuclear magnetic resonance (NMR) 
spectrometry. The data are summarized In Table t which shows acetyfenic diol 
compositions prepared using trimethylamine catalysis. 

Other ethylene oxide/propylene oxide derivatives of 2 > 4,7,9-tetramethyl-5- 
decyne-4,7-diol (Examples 2, 4 and 5) were prepared In a similar manner. The 
compositions are also summarized in Table 1. 

Since JP 2636954 B2 states that amines are inactive for the addition of 
propylene oxide, it would not be anticipated that trfmethylamins would be an effective 
catalyst for the preparation of an EQ/PO derivative of 2,4J,9-tetramethy)-5-decyne-4 J- 
diol. 



Table 1 





Theoretical 


Determined by NMR 


Example 


EO Moles 


PO Moles 


EO Moles 


PO Motes 


2 


1.3 


2.0 


1.5 


1.8 


3 


3.5 


2.0 


3.9 


1.8 


4 


5.1 


2.0 


5.9 


2.0 


i 5 


10.0 


2.0 


10.7 


2.0 



Examples 6-21 

These examples illustrate the preparation of ethylene oxide/propylene oxide 
derivatives of 2,4,7, 9*tetramethyl-5-decyne«4,7-dfol (designated S104) and 2,5,8,11- 
tetrarnethyl-6-dodecyne*5,8-<liol (designated S124) using 8F 3 catalyst. To our 
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knowledge a procedure for the preparation of ethylene oxide/propylene oxide derivatives 
of acetylenic diols using Lewis acids such as BFj has not previously been disclosed. 
The procedure is illustrated for the preparation of the 5 mole ethylene oxide. 2 mole 
propylene oxide adduct of 2A7>tetramethyl-5-decyne-4,7-diol (S104) in which the EO 
and PO units are randomly situated along the alkylene oxide chain. 

A 1000 ml autoclave was charged with the 1.3 mole ethylene oxide adduct of 
2,V,^tetramefchyl-6-decyne-4 ( 7-diol (313 g, 1.1 moles; Surfynol 104 surfactant from Air 
Products and Chemicals, Inc.) which had previously been dried by heating under 
vacuum. The reactor was sealed and pressure checked, the air was removed with three 
nitrogen pressure-vent cycles. The reactor was pressured to 100 psig (6.7 bar) with 
nitrogen, and the contents were heated to 40*C. BF 3 diethyl etherate (1.3 g) was added 
and ethylene oxide and propylene oxide were added simultaneously at rates of 91 .05 
mL/h and 68.95 mL/h, respectively, by means of two syringe pumps. The total amount 
of ethylene oxide (1 80 g, 204 ml, 4.08 moles) and propylene oxide {128 g, 155 mL, 2,2 
moles) were such that the final mote ratio of diol:EO:PO was 1:5:2. After the completion 
of the addition, an additional 0.7 g of BF, diethyl etherate was added, whereupon an 
exotherm to 45.5°C was observed. At this point gas chromatographic analysis Indicated 
that the reaction was complete. The product (Example 6) was analyzed by NMR and 
MAID/I and found to have a structure consistent with the desired structure. 

Sixteen similar materials (Examples 7-22) were prepared by variation of the dio) 
structure, the amounts of ethylene oxide and propylene oxide, and the structural motrf of 
the alkylene oxide chain. Table 2 shows the acetylenic diol compositions prepared using 
BF S catalysis, in Tsble 2. R designates "random," while B designates "block." 

The composition of Example 22 has been disclosed in JP 03063187 A (however, 
JP '187 does not teach a method for its preparation nor whether the adduct is a block or 
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random copolymer), and has been shown to have efficacy in fountain solutions for 



lithographic printing. The S82 designation corresponds to 3>dimethyl-4-hexyne-3,6- 
diol. 

Table 2 









Theoretical 


Determined by NMR 


Example 


Dioi 


K/B 


Ep Moles 


PO Moles 


EO Moles 


PO Moles 


o 


v>1Q4 


K 


5 


2 


6.5 


2.9 


7 


S104 


B 


5 


2 


5.5 


2.2 ! 


8 


S104 


R 


5 


10 


3.2 


11.5 


9 


S104 


B 


5 


10 


3.5 


11.1 


10 


S104 


R 


15 


2 


16.2 


2.2 


1 A 
11 


&1U4 


b 


IO 


n 
2 


AAA 

14.4 


T~< 

2.1 


12 




R 

* \ 


. 15 


10 


17.3 


8.6 


13 


S104 


B 


15 


10 


15.0 


9.7 


14 


S124 


R 


5 


2 


6.9 


3.2 


15 


S124 


6 


5 


2 


4.6 


22 


16 


S124 


R 


5 


10 - 


8.0 


7.6 


17 


S124 


B 


5 


10 


5:1 


10.0 


18 


5124 


R 


15 


2 


16.3 


1.9 


19 


S124 


B 


15 


2 


14.9 


2.1 


20 


S124 


R 


15 


10 


15.4 


9.3 


21 


S124 


B 


15 


10 


13.6 


8.1 


22 


S82 


B 


10 . 


2 


0.6 


1.9 



In the following Examples dynamic surface tension data were obtained for 
aqueous solutions of various compounds using the maximum bubble pressure method at 
bubble rates from 0.1 bubbles/second (b/s) to 20 b/s. The maximum bubble pressure 
method of measuring surface tension is described in Lano/mi//r19B6, 2, 428-432. These 
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data provide information about the performance of a surfactant at conditions from near- 
equilibrium (0.1 b/s) through extremely high surface creation rates (20 b/s). In practical 
terms, high bubble rates correspond to high printing speeds in lithographic printing, high 
spray or roller velocities in coating applications, and rapid application rate3 for 
agricultural products. 

Comparative Example 25 
Dynamic surface tension data were obtained for aqueous solutions of the 
composition of Example 22 (SB2/10 EO/2PO/B) using the maximum bubble pressure 
technique. This material has been disclosed in JP 03063187 A and is taught as a 
component in an aqueous fountain solution composition. The surface tensions were 
determined at bubble rates from 0.1 bubbles/second (b/s) to 20 b/s. The data are 
presented in Table 3. 

Table 3 



Dynamic Surface Tension (dyne/cm) - Example 22 

Concentration 



(wt%) 


0.1 b/s 


1 b/s 


6 b/s 


15 b/s 


20 b/s 


0.1 


39.1 


42.3 


46.5 


51.6 


53.0 


1.0 


34.4 


34.9 


35.5 


37.7 


38.5 


5.0 


33.8 


34.0 


34.7 


36.3 


36.4 



The data illustrate lhat this product is reasonably effective at reducing the surface 
tension of water, although relatively high concentrations are required to obtain 
reasonable performance. 
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Example 26 

Solutions in distilled water of 10 mole £0/2 mole PO block derivative of 2,4,7,9- 
tetramethyl-S-deeyne-^y-dlol (Example 5) were prepared and their dynamic surface 
tension properties were measured using the procedure described above. The data are 
set forth in the Table 4. 

Table 4 



Dynamic Surface Tension (dyne/cm) - Example 5 

Concentration 



(WW) 


0.1 b/s 


1 b/s 


6 b/s 


15 b/s 


. 2QM 


0.1 


40.5 


42.0 


44.3 


47.1 


48.1 


0.5 


32.4 


33.6 


35.1 


36.6 


37.2 


1.0 


29.8 


30.5 


32.1 


33.0 


33.7 



These data illustrate that the composition of this invention is markedly superior in 
its ability to reduce surface tension relative to the composition of the prior art. 
Comparison of the data for the 1.0 wt% solution of the Example 5 surfactant with that of 
the 5.0 wt% solution of the S82 derivative (Example 22) shows that the compound of the 
Invention provides superior performance at all surface creation rates at 20% the use 
level. Since reduction of dynamic surface tension Is of such importance in a dynamic 
application in which aqueous fountain solutions are utilized, it would not be anticipated 
based on the teachings of the prior art that modification of the hydrophobic group (the 
acetylenic diol moiety) would have such an advantageous effect. 

Comparative Examples 27-31 
Solutions in distilled water of the 1.3, 3.5, 5.1, and 10 mole ethoxylates of 
2,4 f 7.9-tetramethy1-5-decyne-4,7«diol were prepared. The 1.3, 3,5, and 10 mole 
ethoxylates are marketed by Air Products and Chemicals, Inc. as Surfynol® 420, 440, 
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and 465 surfactants, respectively. Their dynamic surface tensions were measured using 
the procedure described above, and these data were used to determine the quantities 
provided In Table 5. 

The pC M value is defined as the negative logarithm of the molar concentration of 
surfactant required to decrease the surface tension of an aqueous solution to 52.1 
dyne/cm, that is. 20 dyne/cm below that of pure water when the measurement is 
performed at 0.1 b/s. This value Is a measure of the efficiency of a surfactant. In 
general, an increase in pC 20 value of 1 .0 indicates that 10 times less surfactant will be 
required to observe a given effect. 

The critical aggregation concentrations (solubility limit or critical micelle 
concentration) were determined by intersection of the linear portion of a surface tension / 
In concentration curve with the limiting surface tension as Is described in many 
textbooks. The limiting surface tensions at 0.1 and 20 bubbles/second (b/s) represent 
the lowest surface tensions in water which can be achieved at the given surface creation 
rate for a given surfactant regardless of the amount of surfactant used. These values 
give information about the relative ability to a surfactant to reduce surface defects under 
near-equilibrium condition (0.1 b/s) through very dynamic conditions (20 b/s). Lower 
surface tensions would allow the elimination of defects upon application of a formulation 
onto lower energy surfaces. 

The foaming properties of 0.1 wt% solutions of the prior art surfactants were 
examined using a procedure based upon ASTTvl D 1173 * 53. In this test, a 0.1 wt% 
solution of the surfactant is added from an elevated foam pipette to a foam receiver 
containing the same solution. The foam height Is measured at the completion of the 
addition {"initial Foam Height") and the time required for the foam to dissipate is 
recorded ('Time to 0 Foam"). This test provides a comparison between the foaming 
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characteristics of various surfaclant solutions. In general, in coatings, inks, and 
agricultural formulations, foam is undesirable because is complicates handling and can 
lead to coating and print defects, and to inefficient application of agricultural materials. 
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Tabls 5 



Structure 


pczo 


Sol 
Limit 


limiting y 


y (0.1% solution) 


RM Foam 

Initial (t to 0) 


0.1 b/a 


20 b/s 


1 b/s 


6 b/s | 


Exsmpla 27 
Surfyno! 104 


3.74 


0.1 


32.1 


40.3 


33.1 


38.4 


2.0 (3 s) 


Example 28 

>- i 

NftA r ,, /.OH • 1 .3 EO 

Surfynol 420 


3.84 


0.18 


26.8 


31.7 


32.8 


34.2 


0,5 (3 s) 


Example 29 

>- < 

wnA irrn Z>oh»3.3 EO 

Surfynol 440 


3.90 


0.29 


26.9 


29.3 


34.3 


36.2 


1.4 (9 s) 


Example 30 

y < 

Surfynol 450 


3.95 


0.40 


26.9 


29. 8 


■38.1 


38.3 


1.3(32 s) 


Example 31 

V / 

wnA aM Ann* 10 EO 

Surfynol 465 


3.79 


(0.59) 


29.0 


32.7 


42.5 


44.8 


1.5(0.6 
cm) 


Example 32 

UlU^^ 0H«30 EO 

Surfyno! 465 


3.43 


(2.91) 


35.7 


39.9 


51.5 


53.2 


1.5(0.6 
cm) 
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Examples 33-36 

Surface tension and foam data were obtained in a similar manner for the 
surfactants of Examples 1-4 based on 2,4,7,9-t8tramethyl-5-decyne-4 J-diol. The data 
are set forth In Table 6. 



Table 6 







Sol 


limiting y 


Y {0.1% solution) 


RM Foam 


Structure 


PC* 


Limit 


0.1 b/s 


20 b/s 


1 b/s 


6 b/s 


Initial (t to O) 


Example 33 
1.3 EO/2PO 
(Example 2) 


3.51 


0.07 


31.6 


40.6 


33.4 


40.6 


1.6 (3 s) 


Example 34 
3.5 EO/2 PO 
(Example 3) 


4.07 


0.21 


29.3 


31.4 


33.6 


36.6 


1.0 (10 s) 


Example 35 
.5.1 EO/2 PO 
(Example 4) 


4.13 


0.32 


27.3 


29.9 


35.3 


37.6 


0.3 (6 s) 


Example 36 
.10 EO/2 PO 
(Example 5) 


4.05 


(0.73) 


29.8 


33.7 


■42.6 


44.3 


2.1 (1.3) 



The data in Table 6 illustrate that propoxylation with 2 moles of propylene oxide 
in the presence of trimethylamlne resulted in surfactants with higher efficiencies than 
their unpropoxylated counterparts. This effect Is reflected in both the pC 20 values, which 
increase by about 0.2 units, and the surface tension results for 0.1 wt% solutions at 
1 b/s, which decrease by about a dyne/cm. In addition, the foaming characteristics of 
the surfactants change significantly as a result of modification with propylene oxide. 
This change can be either in the direction of greater foam (e.g. for the 10 and 30 mole 
ethoxylales) or to lesser foam ( for the 5. 1 mole ethoxylate). The ability to control foam 
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is advantageous in many applications, including coatings, Inks, adhesives, fountain 
solutions, agricultural formulations, soaps and detergents. 



Examples 37-52 

Solutions in distilled water of the materials of Examples 37-52 were prepared and 
their surface tension and foam performance were evaluated as In the example above. 
The results are set forth in the Table 7. 
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. Tabl«7 



Structure 


pC 29 




limiting y' 


7 (0.1% solution)' 


RM Foam 0 
initial (t to 0) 


CAG C 


0.1 b/s 


20 b/s 


1 b/s 


6 b/s 


Example 37 

4 nA IK. t*l /D 

1G4/o7Z/rs 
(Example 6) 


JO 


v. IVJ 


26,6 


31.2 


30.0 


37.1 


1.1 (5 s) 


Example 38 

IU4/W4/© 

(Example 7) 


•4, 1 3 


0.11 


27.9 


33.1 


33.6 


38.4 


1.9 (4S) 


Example 39 
(Example 8) 


H.DU 


n na 


31.2 


33.0 


33.7 


39.9 


0.5 (1 s) 


Example 40 
(Example 9) 


4.58 


0.08 


31.0 


34.1 


37.2 


40.5 


0.5 (10 s) 


Example 41 

1 Vm 1 0/AJr\ 

(Example 10) 


4 20 


0.07 


28.3 


307 


36.0 


43.8 


4.5 (1.1 cm) 


Example 42 
(Example 11) 






27.6 


31.7 


36.8 


42.9 


5.3 (0.5 cm) 


Example 43 
104/1 5/10/R 
(Example 12) 


4.4^ 


(J.UD 


28.8 


30.9 


33.8 


44.5 


2 8 f 0 7 crrrt 


Example 44 
104n5/10/B | 
(Example 13) 


4.35 


u.uy 


28.3 


34.4 


35.5 


45.6 




Example 45 
1 24/5/2/R 
(Example 14) 


4.39 


0.03 


26.5 


30.8 


28.2 


33.5 


^U.a Cm; 


Example 46 

1 24/5/2/B 

(Example 15) 




U.U4 


26.9 


29.7 


28.5 


32.3 


3 O ro 3 enrt 

»J.V wi^ 


Example 47 
124/5nO/R 
(Example 16) 




n no 


30,3 


36.7 


31.8 


40.8 


1 8 fO 3 cm) 


Example 48 
124/5/ 10/8 
(Example 17) 


4.56 


0.02 


31.3 


362 


33.4 


40.3 


1.4 (12 S) 


Example 49 
124/15/2/R 
(Example 18) 


4.36 


0.06 


27.9 


32.2 


30.5 


40.8 


2.6 (1.3 cm) 


Example 50 
124/15/2/B 
(Example 19) 


4.16 


0.02 


27.9 


35.6 


31.1 


42.5 


2.5 (1.2 cm) 


Example 51 
124/1 5/10/R 


4.58 


006 


29.1 


32.3 


32.8 


43.2 


2.0 (1.0 cm) 
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Structure 


pC ?0 


CAG e 


limiting Y a 


y (0.1% solution) 1 


RM Foam* 
initial <t to 0) 


0.1 b/s 


20 bit 


1 b/s 


6 b/s 


(Example 20) 
















Example 52 
124/1 5/1 07B 
(Example 21) 


4.55 


0.05 


28.0 


33.3 


33.7 


41.4 


4.8(1.0 cm) 



a dyneicm. 

b Ross-Miles foam: cm (time to 0 foam In seconds of cm after 5 minutes) 
c Crilice! aggregation concentration (wt%). 



These data illustrate variation of the acetylenic diol structure, the 60 and PO 
content, and the structural motif of these surfactants allows tailoring of the surfactant 
properties to a specific application. Surfactants with very low foam (Examples 39 and 
40) or relatively high foam (Examples 41 and 42) can be produced. In addition, most of 
these materials exhibit excellent dynamic surface tension performance, as shown by 
their limiting surface tension values at 20 b/s. The combination of properties will be of 
value in many applications, including coatings, inks, adheslves, fountain solutions, 
agricultural formulations, soaps and detergents. 

Example 53 

2,4,7, 9-Tetramethyl-5-decyne-4,7-diol was ethoxyleted to produce the 5.1 mole 
ethoxyiate using trimethytamine catalyst and a procedure similar to that of Examples 2- 
5. A small sample was withdrawn, and sufficient propylene oxide was added to produce 
the 0.4 mole propoxylate. Again a sample was withdrawn. Similarly, more propylene 
oxide was added to produce the 0.9 and 1 .4 mole propylene oxide adducts. In a 
separate run, the 2.0 mole propoxylate of the 5.1 mole.ethoxylate was prepared. 

Surface tension and foam data were obtained for the propoxylates of 5.1 mole 
ethoxyiate of 2,4,7,9-tetramethyl-5-decyne-4,7-diol as described above. The data are 
set forth in the Table 8. 
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Table 8 



moles PO 


y (0.1 wt% solution) 4 


RM Foam 0 

Initial <t to O) 


0.1 b/e 


1 b/s 


6 b/s 


15 b/s 


20 b/s 


0 


35.1 


36,2 


38,1 


42.0 


44.4 


1.6 (0,7 cm) 


0.4 


34.8 


35.8 


37.9 


42.0 


44.4 


1.4(0.3 cm) 


0.9 


34.9 


35.9 


38.2 


42.7 


45.3 


1.4 (27 s) 


1.4 


34.6 


35.9 


38.3 


42.0 


44.5 


1.2(21 s) 


2.0 


34.0 


• 35.3 


37.8 


415 


43.3 


0.6 <5 5) 



* dyne/cm ~ 

^Initial foam heights in cm (foom height after 5 mln, or time to 0 foam). 



The data in Table 8 show that while propoxyiation has little impact on (he surface 
tension performance of the 5.1 mole ethoxylate of 2 ( 4,7,9-tetramethyl-5-decyne-4 t 7-dlol, 
it has a significant positive impact on foam control, with greater control observed with 
higher degrees of propoxylalion. Such an effect has not previously been observed with 
alkoxylated derivatives of acetylenic diols. The ability to control foam is of crucial 
importance In the application of many waterborne formulations, because foam generally 
leads to defects. 

Example 54 

(a) A commercial photoresist based on a novo lac-type cresol/formaldehyde resin 
and a dlazonaphthoqufnone <DNQ) photosensitive agent (SPR510A, Shipley) was 
coated on a 4 inch silicon wafer to a thickness of approximately 1 mioron following the 
manufacturer's instructions. Different areas of the resist were then exposed to UV 
radiation centered at 365 nm {mercury l-line) at various levels of intensity by positioning 
the wafer under an aperture opening and operating a shutter. The resulting exposed 
wafer was developed (60 Seconds) in a puddle of 0.262 M tetramethytammonium 
hydroxide (TMAH) containing sufficient PO terminated acetylenic alcohol derivative 
(Example 4 adduct) to lower the surface tension of the developer to 42 dynes/cm. The 



44 



4/26/2007, EAST Version: 2.1.0.14 



(66) WBB2 00 1-2 1 5690 

wafer was developed (60 Seconds) in a puddle of 0.262 M tetramethylammonium 
hydroxide (TMAH) containing sufficient PO terminated acetytenic alcohol derivative 
(Example 4 adduct) to lower the surface tension of the developer to 42 dynes/cm. The 
various portions of the wafer were then examined for film thickness using a Filmetrics 
F20 Thin-Film Measuring System (San Diego, CA) and the results were compared to the 
film thicknesses before exposure and developing. The Normalized Film Thickness is a 
dimenslonless ratio and was calculated by dividing the pre-exposure film thickness by 
the post-development film thickness. The results are shown in Table 9, Example 54(a) 

(b) Similarly, the photoresist was exposed through a variable transmission filter 
(obtained from Opto-Une Associates, Wilmington MA) which consisted of a circular area 
on a quartz plate broken up into wedges of varying transmission levels. The results are 
shown In Table 9, Example 54(b). These data show outstanding selectivity of the 
developer solution for dissolution of the highly exposed r&sist vs. mildly exposed resist. 

(c) Another commercially available photoresist (OCG:825 20 cS. Olln 
Corporation) was used to coat a 4 inch silicon wafer with a. film thickness of 
approximately 1 micron. This resist is designed to be much more soluble In developer 
solutions and was used with 0.131 M TMAH. Table 9, Example 54(c) shows data for the 
dissolution of exposed resist with 0.131 M TMAH containing 0.00625 wt% (52.5 ppm) of 
the ad duct of Example 4. Again, a development time of 60 seconds was used. The 
data show outstanding selectivity, even with the highly sensitive photoresist formulation. 
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Table 9 



Example 54(a) 


Example 54(b) 


Example 54(c) | 


Dose 

(mJ/cm2) 


Normalized 

Film 
Thickness 


Dose 

(mJ/cm2) 


Normalized 

Film 
Thickness 


Dos© 
(m J/cm2) • 


Normalized 

Film 
Thickness 


19.42 


0.98 


2.65 


0.998 


0.81 


0.992 


24.28 


0.96 


2.81 


0.997 


0.66 


0.993 


30.35 


0.83 


3.26 


0.996 


0.99 


0.990 


38.85 


0.61 


9.99 


0.994 


3.05 


0.983 


48.56 


0.40 


1 i M*t 








60.70 


0.20 


17.47 


0.988 


5.34 


0.962 


95.01 


0.00 


26.39 


0.972 


7.75 


0.933 


121.40 


0.00 


36.26 


0.707 


11.1 


0.854 


• 152.96 


0.00 


52.92 


0.204 


16.2 


0.697 


191.81 


0.00 


65.39 


0.096 


20.3 


0.561 


242.80 


0.00 


92.44 


0.001 


28.2 


0.345 


30471 


0.00 


117.9 


o.ooo • 


. 36.0 


0.196 






152.83 


0.000 


46.7 


0.025 






196.71 


o.ooo 


60.1 


0.000 






221.8 


0.000 


67.8 


0.000 



Example 55 

Comparisons were made of the effectiveness of the Example 4 adduct with 
ethoxylated adducts of the prior art in reducing surface tension in 0.262 M TMAH 
solutions. As can be seen from the data of Table 10, significantly higher amounts of the 
prior art ethoxylated adducts were required lo obtain surface tensions comparable to the 
adduct of Example 4 which was both ethoxylated and propoxylated, containing 5.1 
moles of EO and 2.0 moles of PO per molecule. The prior art adducts were those 
described In Table 5 for Comparative Examples 29, 30 and 31 contained 3.5. 5.1 and 10 
moles, respectively, of EO per molecule, 
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Table 10 



Wetting Agent 


Cone (ppm) 


Surface Tension 
(dyne/cm) 


Ex 29 (EO 3.5 mol) 


150 


41.9 


Ex 30 (E0 5.1 mol) 


150 


42.7 


Ex 31 (EOlOmol) 


500 


41.3 


Ex 4 (5.1 EO, 2.0 PO) 


125 


41.9 



Example 56 

Foam tests were made in TMAH developer solutions formulated with the EO/PO 
adduct of Example 4 and the EO edduct of Example 31 as surfactants and with six 
commercial developer solutions containing surfactants. Data were collected utilizing a 
foam generating apparatus whereby nitrogen gas was passed through a frit and bubbled 
through 100 ml of the solutions at 50 rnL/min. Except for the commercial developer 
solutions which were used as received, all solutions contained 2.4 wt% TMAH in water 
with enough surfactant to lower surface tension to 41-43 dyne/cm. The results are given 
in Table 11. 
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Foam Volume (mL) 


Time 
(min) 


Ex.4 


Ex.31 


OCG 
934 
3:2* 


MF- 
702 b 


MF- 

31 9 b 


10R5 6 


17R2 C 


131 s 


i o 


0.0 


0.0 


0.0 


0.0 


O.O 


0.0 


0.0 


0.0 


1 


7.8 


7.5 


15.6 


39.5 


51.1 


20.5 


15.4 


20.2 


2 


7.2 


7.5 


17.2 


■ 72.6 


91.4 


21.1 


16.2 


20.5 


3 


7.1 


7.5 


24.2 


107.4 


135.3 


22.6 


16.7 


21.4 


4 


7.2 


7.5 


22.9 


156.4 


176.8 


21.7 


16.9 


21.1 


5 


7.2 


7.5 


22.3 


172.8 


237.8 


22.3 


16.3 


21.4 


6 


7.3 


7.5 


22.0 


236.2 


275.1 


22.6 


16.9 


22.3 


7 


7.1 


7.5 


25.8 


287.0 


321.3 


22.6 


16.9 


21.7 


8 


7.1 


7.5 


25.8 


307.6 


372.6 


22.0 


17.4 


22.0 


9 


7.1 


7.5 


25.5 


326.9 


416.7 


22.9 


17.2 


22.0 


10 


7.5 


7.5 


28.2 


301.3 


460.6 


22.6 


17.4 


22.3 


11 


7.7 


7.5 


26.5 


340.2 


502.0 


22.3 


17.6 


22.6 


12 


7.9 


7.5 


26.9 


404.8 


544.9 


22.0 


17.4 


22.3 


13 


7.8 


7.5 


26.9 


438.6 


594.7 


22.6 


17.6 


22.6 


14 


7,9 


7.5 


26.9 


488.6 


647.5 


22.0 


17.6 


22.3 


15 


7.8 


7.5 


27.3 


514.9 


6811 


22.3 


1B.1 


22.6 



■ Commercial developer solution from Olln (now Arch Chemical) 

b Commercial developer marketed under MicroposisU trademark by Shipley 

c Commercial surfactant marketed under Pluronic* trademark by BASF 

The above data show that. TMAH developer solutions containing the EO/PO 

adduct surfactant of Example 4 developed considerably less foam than the commercial 

developer solutions containing other types of surfactant. Although the foam volumes for 

the developer solution containing the Example 31 EO adduct were close to those for the 

developer containing the EO/PO adduct of Example 4, the data of Table 1 0 show that 

considerably less EO^PO adduct surfactant was required to achieve comparable 

reduction in surface tension. 
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Example 57 

Further runs were made to examine foaming tendencies of photoresist 
developers containing the surfactants of Example 4, 29 and 30. These measurements 
were made using the Ross-Miles technique and were determined In 0.262 N TMAH 
solutions. The results are given in Table 12, 



Table 12 



Wetting Agent 


Cone (ppm) 


RM Foam,' initial 
(t to 0) 


Ex 29-3.5 EO adduct 


150 


17 cm (15 s) 


Ex 30 -5.1 EO adduct 


150 


2.7 cm (27 a) j 


EX4-EO/PO adduct 


125 


1.5 cm (6 s) 



The above data in Table 12 show that low foam Is achieved with the ethoxylated- 
propoxyleted adduct. It is quite surprising that partial propoxylation of acetylenic 
alcohols which are also ethoxylated increases the ability of these edducts to reduce both 
surface tension and foaming tendency In TMAH developer solutions while maintaining 
good contrast for photoresist developing applications. These goals are achieved white 
lowering the level of acetylenic alcohol derivative required for a desired surface tension 
reduction. 

In sum, the ability of a surfactant to reduce surface tension under both 
equilibrium and dynamic conditions is of great Importance In the performance of 
waterbased coatings, inks, adhesh/es, fountain solutions, agricultural compositions, and 
photoresist developers. Low dynamic surface tension results in enhanced wetting and 
spreading under the dynamic conditions of application, resulting in more efficient use of 
the compositions and fewer defects. Foam control is also an important attribute in many 
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applications, but particularly so in photoresist developer, or electronics cleaning 
compositions. 

The family of surfactants disclosed In this invention provides an ability to control 
foam while providing excellent dynamic surface tension reduction. They will therefore 
have utility in applications such as coatings, inks, adhesives, fountain solutions, 
agricultural compositions, soaps and detergents. Their use in photoresist developer/* 
electronics cleaning compositions is especially advantageous. 

STATEMENT OF INDUSTRIAL APPLICATION 
The invention provides compositions suitable for reducing the equilibrium and 
dynamic surface tension in water-based coating, ink. fountain solution, agricultural, and 
photoresist developer/electronics cleaning compositions. 
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1 . Abstract 

ABSTRACT OF THE DISCLOSURE 

This invention provides water-based compositions, particularly coating, Ink, 
fountain solution and agricultural compositions, manifesting reduced equilibrium and 
dynamic surface tension by the Incorporation of a surface tension reducing amount of an 
acetylenic diol ethylene oxlde/propylene oxide adduct of the structure 

where r and t are 1 or 2, (n + m) is 1 to 30 and (p t q) is 1 to 30. Use of such adducts 
as surfactants in photoresist developer/electronics cleaning compositions is particularly 
advantageous. 

Also disclosed Is a method for making random and block EO/PO adducts of 
acetylenic diols by reacting an acetylenic diol with EO and/or PO in the presence of a 
trialkylamine or Lewis acid. 

2 . Representative Drawing 

None 
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ABSTRACT : 

PROBLEM TO BE SOLVED: To provide an aqueous photoresist developer 
composition which lowers equilibrium and dynamic surface tension, 
particularly a coating material, ink, a storage solution and an 
agricultural composition. 

SOLUTION: The aqueous photoresist developer composition contains 
an acetyl enic diol ethylene oxide/propylene oxide adduct represented 
by formula 1 (where (r) and (t) are each 1 or 2; (n+m) is 1-30; and 
(p+q) is 1-30) in such an amount as to lower surface tension. The use 
of such an adduct as a surfactant in a photoresist developer or an 
electronics washing composition is particularly advantageous. The 
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method of producing random and block EO/PO adducts of an acetylenic 
diol by reacting the acetylenic diol with EO and/or PO in the 
presence of a trialkylamine or Lewis acid is also disclosed. 
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